The Scoring and Ranking Assessment Model (SCRAM) was developed to serve as an analytical tool in chemical scoring and ranking of Great Lakes contaminants. The model provides an initial screening evaluation, based on minimal amount of data, of large numbers of chemicals to identify those chemicals that have the greatest potential to cause adverse effects. The SCRAM model is different from most screening systems in that it assesses uncertainty. The SCRAM model was used to score a list of contaminants existing or potentially present in the Great Lakes. Data on environmental fate properties, such as persistence and bioaccumulation potential and toxicity were compiled on selected chemicals. Uncertainty scores were also assigned based on incompleteness of the database. A score was calculated for each chemical and given a relative rank based on its persistence, bioaccumulation, toxicity, and uncertainty. The relative rankings of chemicals can be used as a decision-making tool to determine which chemicals need immediate research or monitoring based on their SCRAM score and the chemical's use and environmental loading.
INTRODUCTION
The International Joint Commission Great Lakes Water Quality Agreement (GLWQA) (IJC 1978) recommended that a select group of chemicals be virtually eliminated or have their existing levels in the Great Lakes basin measurably reduced. However, it remains unclear which chemicals are of most concern for the Great Lakes. Recently, a chemical ranking and scoring method entitled "The Chemical Scoring and Ranking Assessment Model" (SCRAM) was developed to assist in the review of large lists of chemicals for the purpose of defining and ranking relative risk. The design and implementation of this model has been described in a series of publications (Snyder et al. 2000a,b,c,d) . SCRAM provides a prioritization tool for risk assessors and managers to determine the concern posed by substances that have the potential to be found in the Great Lakes.
North American agencies have agreed that approximately 40 chemicals can cause deleterious effects if released into the environment (Snyder et al. 2000a) . However, there is no agreement on how to categorize chemicals according to their persistence, bioaccumulation and toxicity. There are several screening tools in use that were developed for priority-setting in risk assessment which involve ordering chemicals either by scoring and ranking them individually or placing them in groups based on degree of concern (e.g., high, medium, low). Specifically, the Critical Materials Register (CMR) (MDNR 1987) was designed to identify those chemicals for which production, use and release data must be reported by certain members of the regulated community. A chemical is placed on the CMR if it scores sufficiently high in either the persistence, bioaccumulation or toxicity categories. A model was developed by Foran and Glenn (1993) entitled, "Criteria to Identify Chemical Candidates for Sunsetting in the Great Lakes Basin," for the specific objective of identifying chemicals for which a ban or phase-out may be appropriate. In this model, a chemical is considered of high concern based on two conditions, if it receives a high score in any toxicity category and a high score in production and release or if it receives a high score in any toxicity category and a high score in persistence or bioaccumulation. A scoring system developed by the Ministry of Environment and Energy (MOEE) (1993) was used to identify priority substances for further actions, with lists resulting in prioritization for effluent monitoring, ambient monitoring, research, bans, phase-outs or use/release reductions (MOEE 1993) . Recently, a scoring approach was developed by the U.S. Environmental Protection Agency (USEPA 1997) entitled "Waste Minimization Prioritization Tool" (WMPT). The WMPT provides relative rankings of chemicals that can be considered in making decisions related to waste management and waste minimization alternatives. The scoring algorithm of WMPT generates an overall chemical score that assesses a chemical's toxicity and potential for exposure (persistence and bioaccumulation) for both humans and ecological systems. In addition, the WMPT incorporates a subfactor "mass," which is based on the amount of a chemical generated and its potential for release into the environment. SCRAM is similar to the above chemical scoring and ranking models because of its emphasis on persistence, bioaccumulation, and toxicity. Briefly, SCRAM provides a mechanism to evaluate and score the persistence, bioaccumulation, and toxicity of chemicals, which results in a 'chemical score' that integrates these three impor-200501.pgs 4/16/02, 11:48 AM 538 tant chemical characteristics. However, SCRAM has characteristic features that make it unique. SCRAM scores the uncertainty of the information available for each category (persistence, bioaccumulation, toxicity), thereby allowing assessment of those chemicals for which there are limited data. This important feature is key to the interpretation of SCRAM final scores and has been detailed in Snyder et al. (2000b,c) . The implication of this design is the desired bias of the model, which, rather than eliminating them from assessment, ranks chemicals with greater uncertainty higher to draw attention to these chemicals and encourage development of additional information on the compounds. Secondly, SCRAM emphasizes the environmental fate properties of a chemical by weighting the scores for persistence and bioaccumulation in two ways: by multiplying the persistence and bioaccumulation scores and then multiplying that product by a weighting factor of 1.5. A weighting factor was applied to the bioaccumulation and persistence chemical and uncertainty scores in order to increase the influence of these two fate-related (exposure-related) characteristics on the final score (Snyder et al. 2000d) . The model placed an emphasis on the environmental fate and particularly, on environmental persistence, because of the potential for a chemical that is not known to cause toxic effects might later be found to cause toxicity through a mechanism not currently investigated (Snyder et al. 2000d ). These features, the aggregation of chemical characteristics into one score, the evaluation of chemicals with limited data, and the additional bias given to the environmental fate category allows the identification of chemicals with limited data that could potentially cause adverse effects in the environment. SCRAM was developed jointly by the Michigan Department of Environmental Quality, Surface Water Quality Division (SWQD), and Michigan State University, National Food Safety and Toxicology Center, to meet evolving risk assessment strategies and regulatory needs. As described in Snyder et al. (2000) , SCRAM is not a rigid system and must be tailored to meet the needs of the risk assessor. The model output will reflect unique decisions made by the professionals responsible for evaluating the scientific data. It is important to keep these decisions in mind when interpreting and using the scores.
The overall objective of implementing SCRAM as a risk assessment strategy was to establish a relative ranking system based on the chemical's characteristics of persistence, bioaccumulation, and toxicity. Use of this model may assist in pollution prevention activities and other future chemical control efforts such as identifying emerging contaminants of concern. This paper reports on the specific methods by which SWQD tailored the SCRAM model to review and select data. This paper also reports the relative ranking output for the SCRAM model.
METHODS

Tiered Approach
The International Joint Commission (1989) identified three working lists of contaminants existing or potentially present in the Great Lakes basin. Since part of the power and utility of the SCRAM model is its treatment of chemicals for which data are lacking, the lists had to be prioritized due to time restrictions. Therefore, a two-tiered approach was used to produce a clear and defensible list of persistent, bioaccumulative and toxic substances. In the first tier, a literature review was conducted to determine which chemicals had the required minimum data set for scoring. In order for a chemical to be added to the tier 1 list, the chemical had to have at least one data point for persistence, bioaccumulation, and at least one of the toxicity categories (terrestrial, aquatic or human). The tier 1 list includes 142 chemicals, which was determined to be a manageable number for a full review.
In the second tier, the chemicals listed in tier 1 were scored using the SCRAM model outlined in Snyder et al. (2000a,b,c) . Specific guidelines for selecting data for input into the model were created in an effort to standardize the review process. The guidelines presented in this paper do not change the function of SCRAM, but rather tailor the output to reflect a greater degree of data review and certainty.
Data Source
In-house libraries and on-line databases were searched to find data describing the persistence, bioaccumulation and toxicity of the 140 chemicals. Keyword searches of the Chemical Abstract Service (CAS) on-line database and CAS number searches of the United States Environmental Protection Agency's (USEPA) Aquatic Toxicity Information Retrieval (AQUIRE), ASTER, and ECOTOX databases were used as starting points. Standardized checklists were used to ensure the same search strategy was used for each chemical.
Bioaccumulation
A minimum of one data point was required to score a chemical in the bioaccumulation category. The priority scheme provided in the Great Lakes Initiative Water Quality Guidance (USEPA 1995) for choosing acceptable bioaccumulation data was incorporated into the framework of SCRAM.
Data Selection
Specific criteria were used to develop a bioaccumulation factor (BAF), bioconcentration factor (BCF), or a log K ow for input into the model. In general, a BAF or BCF was given priority over a log K ow . All bioaccumulation data for fish provided by Stephan (1993 Stephan ( , 1995 were used in the derivation of the final BAF. Bioaccumulation and/or bioconcentration data for aquatic invertebrates were included in the development of the final BAF when available. Flow-through studies were selected over static or replacement studies. In order to calculate the final BAF/ BCF, the geometric mean of all BAFs/BCFs within each class of organisms (fish, macroinvertebrates, etc) was derived. The geometric mean of each class mean was then calculated to derive the final BAF.
A log K ow value was used when a BAF or BCF was not available. Measured log K ow values were preferred over calculated values. The final log K ow was derived by calculating the geometric mean of all measured values, with obvious outliers removed. However, if only one measured value was available, the number was crossreferenced with the calculated value. If the calculated value was consistent with the measured value, the measured value was used. If the calculated value did not support the measured value, or if no measured values were available, the calculated value was used.
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The type of information that was available determines an uncertainty score for bioaccumulation. Measured values for bioaccumulation are given priority over predicted values. If a measured BAF was available, no uncertainty points were assigned. If the value available was a BCF, one uncertainty point was assigned since this would give less information for higher trophic levels where effects of bioaccumulative chemicals are generally greater. If only surrogate information in the form of a log K ow is available, three uncertainty points were assigned. Finally, if only an estimated BAF or BCF was available, an uncertainty factor of 4 or 5 was assigned, respectively (Snyder et al. 2000a) .
Persistence
A minimum of one data point was required for scoring a chemical in the persistence category. This category was difficult to score because limited data were available for most chemical classes, and most of the data that were available were for a specific route of removal or the data was presented as ranges of half-lives. However, sufficient data were available for pesticides due to the inherent concern associated with purposefully applying these types of compounds to soil, plants, or water.
Data Selection
The percentages of a compound predicted to partition into the five environmental compartments (biota, air, water, soil and sediment) were determined by use of the Mackay Level I Fugacity models (Mackay 1992a,b,c,d,e) as compiled in USEPA's ASTER database. A special effort was made to obtain persistence data for compartments into which a major portion of each compound was predicted to partition. These data were obtained by use of the Mackay Level III Fugacity model (Mackay 1992a,b,c,d) , estimated data from the compilations by Howard (1989a,b,c; 1991) , or measured data found in the literature. Measured compartment half-life values were preferred over half-lives for specific routes of removal as long as data were available from two independent peer-reviewed studies, the measured data were judged to be of sufficient quality, and the measured values represented a complete environmental compartment or primary route of removal. Half-lives for specific routes of removal were only used if they represented a major route of removal from the compartment. Mackay's Level III Fugacity data and data of estimated half-lives reported by Howard (1989a Howard ( , b, c, 1991 or other compilations were only used when available, and if no measured values were found.
Scoring Instructions
To calculate the final half-life (T 1/2 ) for use in scoring, the T 1/2 for each compartment was determined as follows. The geometric mean of the most appropriate data, as described above, within each compartment was calculated. The geometric mean for fate data (i.e., persistence, bioaccumulation) was used because it reduced the effect on the score of one value that was radically different from the others, since fate data can vary to a great extent depending on the type of test run and the laboratory or environmental conditions occurring at the time of the test (Snyder et al. 2000b Half-life data expressed as a range were used in the following manner. First, all of the data points from the original study that were used to derive the range were used in conjunction with other data as appropriate. Second, if additional data were available and it was impossible to determine the complete dataset for the range then the geometric mean was calculated from the high value of the range and the other additional data. Third, if no other data were available, and it was impossible to determine the complete data set for the range then the process in Table 1 was followed.
If several values were available, the compound was scored on the basis of the geometric mean of the available data or the high value of the range. Before any range data were used, either measured or estimated, it was assessed to assure that it represented either a compartment half-life or the primary route of removal within a compartment. If more than one range was available, the highest value from the upper bound of all ranges were used for scoring provided the range data represented either a compartment half-life or the primary route of removal within a compartment.
To calculate uncertainty scores, the availability of measured values was evaluated in the following way. For the biota compartment, an uncertainty score of 2 was assigned when no data were available, an uncertainty score of 1 was applied if there was one estimated data point, and no uncertainty score was applied if there was more than one measured data point. The uncertainty scores assigned to the air, water, soil and sediment compartments are presented in Table 2 . The uncertainty scores for air, water, soil and sediment compartments were applied differently from the biota compartment to allow for the environmental chemodynamics of certain chemicals within an air, water, soil or sediment compartment. For example, if a chemical has a hydrolysis half-life in air of 3 years and a photolysis half-life in air of 2 days, then the photolysis half-life should be used for scoring and the appropriate uncertainty score assigned (Table 2) (Snyder et al. 2000b) .
Toxicity
A minimum of one data point in at least one of the toxicity categories was required for scoring. Various guidelines were used to determine if studies were of sufficient quality for use in scoring. Aquatic toxicity studies were considered of sufficient quality if they adhered to the standard test procedures according to the American Society of Testing Materials (ASTM) (1993) and Rule 57(2) of Part 4 Water Quality Standards (MDNR 1994) . Mammalian toxicity studies were considered acceptable it they followed the guidelines of the Great Lakes Initiative Water (2) of the state's natural resource laws.
Best professional judgment was used to determine if amphibian, reptile, terrestrial invertebrates and plant studies were of sufficient quality since no test guidelines were available for these organisms. If data of sufficient quality were not available, best professional judgment was used to determine whether studies of lesser quality could be used for scoring. Points of clarification primarily pertain to acceptable study duration and use of uncertainty factors for studies that did not meet duration requirements are described below.
Acute Toxicity
The most restrictive (lowest) lethal concentration or dose to 50% of the population (LC50 -aquatic life; LD50 --terrestrial life) or the lowest effective concentration or dose to 50% of the population (EC50 -aquatic life; ED50 -terrestrial life) was selected. In some cases, invertebrate toxicity was reported on the basis of tissue (µg/kg tissue) or soil (µg/kg soil) concentrations. For terrestrial invertebrates, pesticide application rates (typically lb/acre or kg/Ha) were converted to concentrations using an average soil mass of 110 lb/ft 3 (range = 65 to 135 lb/ft 3 ). An uncertainty point was assigned for each subcategory for which no toxicity data were available.
Chronic Toxicity
The most restrictive No Observable Adverse Effect Concentration (NOAEC) (aquatic life) or No Observable Adverse Effect Level (NOAEL) (terrestrial life) was selected unless a Lowest Observable Adverse Effect Concentration (LOAEC) or Lowest Observable Adverse Effect Level (LOAEL) in a different study was found to be more restrictive. If no NOAEC or LOAEC are available then the Maximum Acceptable Toxicant Concentration (MATC) can be used for aquatic life.
In general, studies of the following minimum exposure duration are preferred: Plants -21 days (d), Mammals -90 d, Amphibians and Reptiles -28 to 33 d, Birds -70 d, Fish -28 to 33 d or 7 d for fathead minnows, invertebrates -21 d (Daphnia magna and earthworms) or 7 d (Ceriodaphnia dubia). In some cases, studies of lesser duration may be used to avoid the use of uncertainty scores. If studies of less than 90 d (mammals) or 70 d (birds) were used, a safety factor of 3 was applied to the NOAEL or LOAEL to account for the short duration of the study. However, if the available NOAEL or LOAEL represented subchronic exposure to the most sensitive life stage (e.g., gestation or incubation) and described reproductive or developmental effects, it may not be necessary to add a safety factor to account for the short duration of the study.
For mammalian and avian wildlife (terrestrial toxicity category), the effects used for scoring reflected population-level endpoints. Changes in enzyme function or hematology were deemed not to be adequate endpoints for scoring wildlife. Appropriate population-level endpoints included significant effects on growth, survival, reproduction or development, or factors affecting viability such as, severe histopathological effects or severe clinical signs, or other endpoints that could affect population dynamics. One uncertainty point was assigned to each chronic toxicity category for which no toxicity data were available.
Human Toxicity
If human health criteria were not developed in-house, the key study and NOAEL or LOAEL selected by USEPA's Integrated Risk Information System (IRIS) was used. For carcinogenicity, an Effective Dose estimated to affect 10% of the population (ED10) was determined by the GLOBAL 82 Linear Multistage Model (Howe and Crump 1982) and was defined as the Maximum Likelihood Estimated dose (MLE dose) at a risk level of 0.1. An uncertainty point was assigned to the general, reproductive and developmental toxicity categories. The uncertainty scores (US) for carcinogenicity were based on the cancer classification developed by USEPA (1996): "known/likely" (US = 0), "cannot be determined" (US = 1), and "not likely" (US = 2). The other toxicity category does not generate an uncertainty point, instead the category acts a modifier to the total toxicity score.
RESULTS AND DISCUSSION
Composite Scores and Relative Rankings
Chemical, uncertainty, and final composite scores are available on the Internet at http://www.epa.gov/toxteam/pbtrept/ and in Table 3 for all chemicals scored using the SCRAM model. The composite score was the sum of the final chemical score and the final uncertainty score. The SCRAM model preserves the final chemical and uncertainty scores as separate values because they are useful in the interpretation of the final composite scores and rankings. A unique feature of SCRAM, the contribution of the uncertainty score to the relative ranking of chemicals is illustrated in Table 4 . The composite and chemical score rankings were determined by sorting the chemicals in descending order and then assigning the appropriate relative rank. Since some chemicals had the same composite or chemical score, the same relative ranking was assigned to the same scores. For example, in Table 3 the calculated composite score for p,p'-DDD, ethion, and pendimethalin was 67. In Table 4 , the composite score rankings for these chemicals were all assigned a 3. Benz(a)anthracene and dibenzo(a,h) anthracene were assigned composite score rankings of 1 and 2, respectively. Further, photomirex was assigned a composite score ranking of 6, since p,p'-DDD, ethion, and pendimethalin were assigned composite score rankings of 3 (because of similar calculated composite scores) and photomirex is the sixth chemical in the list. Therefore, Table 4 provides only the composite and chemical score rankings and not the calculated scores, which are presented in Table 3 .
SCRAM: Chemical Scores and Rankings
The comparison to the composite score versus the chemical score provides insight into the scoring and ranking system (Table 4 ). Each chemical was ranked according to its composite score (column A) and its chemical score (column B). The greater the number in Table 4 column C, the greater the uncertainty was associated with that chemical. For instance, well known toxic and bioaccumulative compounds such as mercury and PCBs rank lower on the composite score (Table  4 , column A) than on the chemical score (Table 4 , column B) because they have been well studied so there is very little uncertainty associated with their composite score. On the other hand, many of the polynuclear aromatic hydrocarbons (PAHs) such as benz(a)anthracene and dibenzo(a,h)anthracene have limited toxicity data so they rank higher on the composite score than on the chemical score.
The difference between the relative ranking of chemical scores and composite scores illustrates the potential hazard of chemicals by virtue of their great uncertainty. Incorporation of an uncertainty score is useful because a chemical could score high in one category but have insufficient data in other categories, and it therefore could rank below a compound that is less toxic but which has data in more categories. This model prevents chemicals from getting low scores because of a limited toxicity database. It should be noted that the numerical ranking of chemicals does not represent any quantitative measure of hazard or risk, rather it is to be used in conjunction with chemical use and environmental loading information to prioritize compounds. Further, SCRAM should not be substituted for a risk assessment, the model is set up as a ranking tool for hazard identification and the determination of research needs.
Prioritizing Chemicals
Once the aggregation of final composite scores and the relative ranking of chemicals were determined, the next step was to establish the priority of chemicals in conjunction with releases into the environment. Decision scenarios for the following chemicals (indeno (1,2,3-cd) pyrene and styrene) represent examples of the process risk managers can apply to determine if a chemical with a high composite score and low or high environmental loading has the potential to cause imminent harm to the environment. In addition, antimony and acrylonitrile represent compounds that have moderate composite scores and low or high loading. As previously mentioned, the numerical ranking of chemicals does not provide a measure of hazard or risk. SCRAM can be used as a decision making tool to aid regulators to determine the potential for a chemical to cause environmental effects in relation to its persistence, bioaccumulation, toxicity and completeness of database.
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Indeno (1,2,3-cd) pyrene, a polynuclear aromatic hydrocarbon (PAH), is produced during the combustion of wood and fossil fuels, such as petroleum and coal (Simcik et al. 1996) . The major source of PAHs to Lake Michigan is the coke and steel production found in the urban/industrial complex around Chicago, IL, and Gary, IN. PAHs are deposited primarily in the southern basin of Lake Michigan after which they are redistributed throughout the lake as a result of in-lake integration processes (water and sediment transport) (Simcik et al. 1996) . The major source of PAHs to the Great Lakes is from atmospheric loading of PAHs into sediments, therefore surface water discharge data from the Toxic Release Inventory are not available. Indeno (1,2,3-cd) pyrene has a high uncertainty score (43), a relatively low toxicity score (3) and a moderate environmental fate score (8) ( Table 3 ). The composite score of 54 for indeno (1,2,3-cd) pyrene was close to the composite score for DDT. This high score is appropriate since SCRAM is designed to give a high rank to chemicals with limited databases to encourage further review and research into the environmental fate and toxicity of the chemical. Further, indeno (1,2,3-cd) pyrene's change in ranking (108) is great than DDTs (-12) (Table 4 ) because of the database gaps associated with indeno (1,2,3-cd) pyrene. This is an advantage of the SCRAM model since most other scoring systems would give this chemical a low rank or would not score it at all. Therefore, based on the above information, indeno (1,2,3-cd) pyrene would receive greater priority for further investigation of data relevant to its effect in the Great Lakes, despite its low direct loading rate.
Styrene
Styrene, a colorless liquid, is primarily a synthetic chemical used in the manufacture of products such as rubber, plastic, insulation, fiberglass, pipes, food containers, and carpet backing (ATSDR 1995a). In 1998, the surface water discharge level of styrene in Michigan was reported to be 250 pounds per year (lb/yr) (TRI 1998) . Styrene has been shown to cause lung tumors in male mice (ATSDR 1995a) and is estimated to persist in sediment for 78 days (Mackay 1992) . Styrene had a medium uncertainty score of 23 (Table 3 ). The incomplete database for styrene was attributed to the lack of data in the terrestrial and aquatic toxicity categories. Although the annual loading of styrene into surface water is low, the lack of aquatic toxicity data, high persistence score and carcinogenicity of styrene would rank it as a moderate priority (34) ( Table 4 , Column C), especially in areas where it is used in manufacturing processes.
Antimony
Antimony is produced as a byproduct of smelting lead and other metals in the United States (ATSDR 1995b). In Michigan, the reported surface water discharge level for antimony in 1998 was 7900 lb/yr (TRI 1998) . These data indicate that antimony is discharged at significant amounts into the Great Lakes basin. Within the SCRAM model, metals are scored as highly persistent compounds. Antimony received a low toxicity score (8) and fate score (8) (chemical score = 16), with a low uncertainty score (11) ( there are sufficient data for persistence, bioaccumulation and toxicity, indicating that antimony has a low potential for environmental concern.
4. Acrylonitrile
Acrylonitrile is an important industrial chemical, which is used in the production of plastic, synthetic fibers, and pharmaceuticals. In 1998, acrylonitrile was released into the surface water at a rate of 5 lb/yr (TRI 1998) . Acrylonitrile received a low environmental fate score (3) and a moderate toxicity score (8) ( Table 3 ). Acrylonitrile has a higher uncertainty score than DDT but less than indeno (1,2,3-cd) pyrene. Acrylonitrile differs from the other two compounds in that it does not persist in the environment so it was scored using the acute toxicity pathway. Since acrylonitrile does not persist or bioaccumulate in the environment and there is little uncertainty associated with its scores it is reasonable that it would receive the low composite score of 23. In addition, acrylonitrile has a relatively minimal chemical (128) and composite (139) ranking (Table 4 ). Therefore, given the low environmental loading, bioaccumalation, persistence, and toxicity, acrylonitrile would receive a minimal priority.
SUMMARY
The above four chemicals illustrate how the user can determine the appropriate priortization to determine which chemicals need further research to fulfill data gaps. Compared with acrylonitrile, antimony, and styrene, indeno (1,2,3-cd) pyrene's composite score ranked the highest and had the highest uncertainty score. While the environmental loading of indeno (1,2,3-cd) pyrene is considered an indirect route since it is a result of the combustion of wood and fossil fuels and is deposited into the Great Lakes via the atmosphere, it should be given high priority because of its high uncertainty and presence within the Great Lakes sediment. On the other hand, the composite score for PCBs ranked above indeno (1,2,3-cd) pyrene (Table  4) ; however, since the persistence, bioaccumulative and toxicity categories drove the higher composite score, there is little uncertainty associated with PCBs and this compound has ongoing research conducted in the Great Lakes system. In summary, the composite score rankings of chemicals should only be used as a tool to determine how to further prioritize existing chemicals. Determining the chemical's use and environmental loading would be the next steps to take to establish which chemicals require further research based on the lack of data in their uncertainty compartments.
COMPARISON OF SCRAM TO OTHER SCORING SYSTEMS
While similar to other models, the SCRAM model has advantages over the Michigan CMR, MOEE, Foran and Glenn, and WMPT scoring systems. The Michigan CMR chemical evaluation process evaluates toxicity, bioaccumulation and persistence separately so a chemical does not have to be toxic, bioaccumulative, and persistent to be placed on the CMR. Additionally, uncertainty is not incorporated into the CMR scoring system. The MOEE's scoring system is similar to the Michigan CMR and focuses on toxicity, bioaccumulation, and persistence, but unlike the 200501.pgs 4/16/02, 11:48 AM 553 SCRAM model, it does not have a mechanism for dealing with lack of data in the scoring process. In the MOEE and CMR scoring systems, missing information lessens the overall score because the MOEE and CMR systems employ trigger scores for individual parameters to determine if a substance should be priority listed, they do not use aggregated toxicity or environmental fate scores. The WMPT scoring system is similar to the SCRAM scoring system since it scores chemicals according to human toxicity, ecological toxicity, persistence and bioaccumulation. Similar to the SCRAM scoring system, the final score derived using the WMPT scoring system is weighted according to environmental fate (i.e., persistence and bioaccumulation) and toxicity. However, the weighting factor is a subfactor "mass," which is based on the amount of a chemical generated and its potential to be released into the environment. In SCRAM, the fate category is weighted by a factor of 1.5, which greatly increases the contribution of persistence and bioaccumulation on the final score, whereas WMPT adds the subfactor "mass" to influence the final score. Another important difference between the two models is that the composite score derived using the SCRAM model incorporates an uncertainty score as a means to identify those chemicals with limited data and to account for the potential for persistent chemicals with limited data to cause adverse effects. Also, the SCRAM model evaluates more subcategories than the WMPT system. For instance, the ecological risk assessment score derived using the SCRAM model examines toxicity in both terrestrial and aquatic life (plants and animals), whereas the WMPT model focuses entirely on aquatic life.
CONCLUSIONS
SCRAM is a risk-screening tool that is intended to provide relative rankings of chemicals as an initial step in the risk screening process. Ideally, the screening results that SCRAM provides could be used with the chemical's use and environmental loading information to better represent the relative risk on a large-scale or statewide basis. However, a low statewide ranking would not exclude prioritization of contaminants pertaining to site-specific cases. Additionally, the rankings should be viewed as reflecting the relative risks because all chemicals can lead to relatively high or low risks under certain conditions.
The SCRAM model provides a reasonable scoring system as illustrated by the comparisons of indeno (1,2,3-cd) pyrene, styrene, antimony, and acrylonitrile, which provided examples of how the risk manager can utilize pertinent information from SCRAM in relation to the chemical's use and environmental loading. Since SCRAM should be used as a prioritizing tool, the risk manager can then determine from the list of prioritized chemicals, which chemicals need further information in order to assess their effects in the Great Lakes system. As an intentional design feature of SCRAM, the composite score highlights the potential hazard of chemicals with limited data. The final composite score gives equal weights to the known (chemical scores) and unknown (uncertainty scores) and produces a ranking reflective of both. This is an important feature of the SCRAM model because in the realm of potential toxic effects to all organism levels, uncertainty from a substance should alert the user that serious limitations in our existing knowledge remain. Typically, research continues on those chemicals known to have some toxic effect at environ- 
